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Sum rules for total cross-sections of hadron photoproduction on ground state 1/2+
octet baryons
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Sum rules are derived relating Dirac mean square radii and anomalous magnetic moments of
various couples of the ground state 1/2+ octet baryons with the convergent integral of the differ-
ence of hadron photoproduction total cross-sections on the baryons. The chain of inequalities for
corresponding total cross-sections has been found from those sum rules.
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Recently, the new sum rule has been derived [1]
1
3
〈r21p〉−
κ2p
4m2p
+
κ2n
4m2n
=
2
pi2α
∞∫
ωN
dω
ω
[
σγp→Xtot (ω)−σ
γn→X
tot (ω)
]
(1)
relating Dirac proton mean square radius 〈r21p〉 and
anomalous magnetic moments of proton κp and neutron
κn to the convergent integral over a difference of the to-
tal proton and neutron photoproduction cross-sections,
in which a mutual cancellation of the rise of the cor-
responding cross-sections for ω → ∞ (ω is the photon
energy in the laboratory frame), created by the Pomeron
exchanges, was achieved. Using similar ideas the new
Cabibbo-Radicati [2] like sum rules for various suitable
couples of the members of the pseudoscalar meson nonet
have been found in Ref. [3]. In this work, to be fascinated
just by the very precise experimental satisfaction of the
sum rule for a difference of proton and neutron total pho-
toproduction cross-sections evaluating both sides of (1)
(for more detail see [1]) and getting (1.93± 0.18)mb and
(1.92± 0.32)mb, respectively, we extend the method for
a derivation of all possible sum rules for various suitable
couples of the members of the ground state 1/2+ octet
baryons.
Really, in the first place starting from a very high en-
ergy peripheral electroproduction process on baryon B
e−(p1) +B(p)→ e
−(p′1) +X, (2)
with the produced pure hadronic state X moving closely
to the direction of the initial baryon, one comes (see
[1]) to the Weizsa¨cker - Williams like relations, relat-
ing the difference of q2-dependent (the photon trans-
ferred four-momentum q2 = −q2) differential DIS cross-
sections with integral over the difference of the total
hadron photoproduction cross-sections on octet baryons.
Then utilizing analytic properties of parts of forward vir-
tual Compton scattering amplitudes on octet baryons to-
gether with previous result one comes to the universal
(compare with (1)) octet baryon sum rule
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3
[
F1B(0)〈r
2
1B〉 − F1B′ (0)〈r
2
1B′〉
]
−
[ κ2B
4m2B
−
κ2B′
4m2B′
]
=
=
2
pi2α
∞∫
ωB
dω
ω
[
σγB→Xtot (ω)− σ
γB′→X
tot (ω)
]
(3)
relating Dirac baryon mean square radii 〈r21B〉,〈r
2
1B′ 〉 and
baryon anomalous magnetic moments κB, κB′ to the con-
vergent integral over a difference of the total baryon
photoproduction cross-sections. As there are 8 differ-
ent members, p, n,Λ,Σ+,Σ0,Σ−,Ξ0,Ξ−, of the ground
state 1/2+ baryon octet, one can write down 28 differ-
ent sum rules of the type (3). In order to evaluate the
left-hand sides of them one uses the baryon masses and
magnetic moments from Review of Particle Physics [4]
(the Σ0 magnetic moment is determined from the well
known relation µΣ+ + µΣ− = 2µΣ0) and Dirac baryon
mean square radii 〈r21B〉 are calculated by means of the
relation
〈r21B〉 = 〈r
2
EB〉 −
3κB
2m2B
, (4)
where the baryon electric mean square radii 〈r2EB〉 are
calculated by Kubis and Meissner [5] to fourth order in
relativistic baryon chiral perturbation theory, giving pre-
dictions for the Σ− charge radius and Λ − Σ0 transition
moment in excellent agreement with the available exper-
imental information.
As a result one gets numerically
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pi2α
∞∫
ωp
dω
ω
[
σγp→Xtot (ω)− σ
γn→X
tot (ω)
]
= 2.0415mb, then in averaged σγp→Xtot (ω) > σ
γn→X
tot (ω) (5)
2
pi2α
∞∫
ω
Σ+
dω
ω
[
σγΣ
+
→X
tot (ω)− σ
γΣ0→X
tot (ω)
]
= 2.0825mb, then in averaged σγΣ
+
→X
tot (ω) > σ
γΣ0→X
tot (ω) (6)
2
pi2α
∞∫
ω
Σ+
dω
ω
[
σγΣ
+
→X
tot (ω)− σ
γΣ−→X
tot (ω)
]
= 4.2654mb, then in averaged σγΣ
+
→X
tot (ω) > σ
γΣ−→X
tot (ω) (7)
2
pi2α
∞∫
ω
Σ0
dω
ω
[
σγΣ
0
→X
tot (ω)− σ
γΣ−→X
tot (ω)
]
= 2.1829mb, then in averaged σγΣ
0
→X
tot (ω) > σ
γΣ−→X
tot (ω) (8)
2
pi2α
∞∫
ω
Ξ0
dω
ω
[
σγΞ
0
→X
tot (ω)− σ
γΞ−→X
tot (ω)
]
= 1.5921mb, then in averaged σγΞ
0
→X
tot (ω) > σ
γΞ−→X
tot (ω) (9)
2
pi2α
∞∫
ωp
dω
ω
[
σγp→Xtot (ω)− σ
γΛ0→X
tot (ω)
]
= 1.6673mb, then in averaged σγp→Xtot (ω) > σ
γΛ0→X
tot (ω) (10)
2
pi2α
∞∫
ωp
dω
ω
[
σγp→Xtot (ω)− σ
γΣ+→X
tot (ω)
]
= −0.4158mb, then in averaged σγp→Xtot (ω) < σ
γΣ+→X
tot (ω) (11)
2
pi2α
∞∫
ωp
dω
ω
[
σγp→Xtot (ω)− σ
γΣ0→X
tot (ω)
]
= 1.6667mb, then in averaged σγp→Xtot (ω) > σ
γΣ0→X
tot (ω) (12)
2
pi2α
∞∫
ωp
dω
ω
[
σγp→Xtot (ω)− σ
γΣ−→X
tot (ω)
]
= 3.8496mb, then in averaged σγp→Xtot (ω) > σ
γΣ−→X
tot (ω) (13)
2
pi2α
∞∫
ωp
dω
ω
[
σγp→Xtot (ω)− σ
γΞ0→X
tot (ω)
]
= 1.7259mb, then in averaged σγp→Xtot (ω) > σ
γΞ0→X
tot (ω) (14)
2
pi2α
∞∫
ωp
dω
ω
[
σγp→Xtot (ω)− σ
γΞ−→X
tot (ω)
]
= 3.3180mb, then in averaged σγp→Xtot (ω) > σ
γΞ−→X
tot (ω) (15)
2
pi2α
∞∫
ωn
dω
ω
[
σγn→Xtot (ω)− σ
γΛ0→X
tot (ω)
]
= −0.3260mb, then in averaged σγn→Xtot (ω) < σ
γΛ0→X
tot (ω) (16)
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pi2α
∞∫
ωn
dω
ω
[
σγn→Xtot (ω)− σ
γΣ+→X
tot (ω)
]
= −2.4573mb, then in averaged σγn→Xtot (ω) < σ
γΣ+→X
tot (ω) (17)
2
pi2α
∞∫
ωn
dω
ω
[
σγn→Xtot (ω)− σ
γΣ0→X
tot (ω)
]
= −0.3747mb, then in averaged σγn→Xtot (ω) < σ
γΣ0→X
tot (ω) (18)
2
pi2α
∞∫
ωn
dω
ω
[
σγn→Xtot (ω)− σ
γΣ−→X
tot (ω)
]
= 1.8082mb, then in averaged σγn→Xtot (ω) > σ
γΣ−→X
tot (ω) (19)
2
pi2α
∞∫
ωn
dω
ω
[
σγn→Xtot (ω)− σ
γΞ0→X
tot (ω)
]
= −0.3156mb, then in averaged σγn→Xtot (ω) < σ
γΞ0→X
tot (ω) (20)
2
pi2α
∞∫
ωn
dω
ω
[
σγn→Xtot (ω)− σ
γΞ−→X
tot (ω)
]
= 1.2766mb, then in averaged σγn→Xtot (ω) > σ
γΞ−→X
tot (ω) (21)
2
pi2α
∞∫
ω
Λ0
dω
ω
[
σγΛ
0
→X
tot (ω)− σ
γΣ+→X
tot (ω)
]
= −2.0831mb, then in averaged σγΛ
0
→X
tot (ω) < σ
γΣ+→X
tot (ω) (22)
2
pi2α
∞∫
ω
Λ0
dω
ω
[
σγΛ
0
→X
tot (ω)− σ
γΣ0→X
tot (ω)
]
= −0.0006mb, then in averaged σγΛ
0
→X
tot (ω) ≈ σ
γΣ0→X
tot (ω) (23)
2
pi2α
∞∫
ω
Λ0
dω
ω
[
σγΛ
0
→X
tot (ω)− σ
γΣ−→X
tot (ω)
]
= 2.1823mb, then in averaged σγΛ
0
→X
tot (ω) > σ
γΣ−→X
tot (ω) (24)
2
pi2α
∞∫
ω
Λ0
dω
ω
[
σγΛ
0
→X
tot (ω)− σ
γΞ0→X
tot (ω)
]
= 0.0586mb, then in averaged σγΛ
0
→X
tot (ω) > σ
γΞ0→X
tot (ω) (25)
2
pi2α
∞∫
ω
Λ0
dω
ω
[
σγΛ
0
→X
tot (ω)− σ
γΞ−→X
tot (ω)
]
= 2.1823mb, then in averaged σγΛ
0
→X
tot (ω) > σ
γΞ−→X
tot (ω) (26)
2
pi2α
∞∫
ω
Σ+
dω
ω
[
σγΣ
+
→X
tot (ω)− σ
γΞ0→X
tot (ω)
]
= 2.1417mb, then in averaged σγΣ
+
→X
tot (ω) > σ
γΞ0→X
tot (ω) (27)
2
pi2α
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ω
Σ+
dω
ω
[
σγΣ
+
→X
tot (ω)− σ
γΞ−→X
tot (ω)
]
= 3.7338mb, then in averaged σγΣ
+
→X
tot (ω) > σ
γΞ−→X
tot (ω) (28)
42
pi2α
∞∫
ωΣ0
dω
ω
[
σγΣ
0
→X
tot (ω)− σ
γΞ0→X
tot (ω)
]
= 0.1168mb, then in averaged σγΣ
0
→X
tot (ω) > σ
γΞ0→X
tot (ω) (29)
2
pi2α
∞∫
ω
Σ0
dω
ω
[
σγΣ
0
→X
tot (ω)− σ
γΞ−→X
tot (ω)
]
= 1.5732mb, then in averaged σγΣ
0
→X
tot (ω) > σ
γΞ→X
tot (ω) (30)
2
pi2α
∞∫
ω
Σ−
dω
ω
[
σγΣ
−
→X
tot (ω)− σ
γΞ0→X
tot (ω)
]
= −2.1238mb, then in averaged σγΣ
−
→X
tot (ω) < σ
γΞ0→X
tot (ω) (31)
2
pi2α
∞∫
ω
Σ−
dω
ω
[
σγΣ
−
→X
tot (ω)− σ
γΞ−→X
tot (ω)
]
= −0.5316mb, then in averaged σγΣ
−
→X
tot (ω) < σ
γΞ−→X
tot (ω), (32)
from where the following chain of inequalities
σγΣ
+
→X
tot (ω) > σ
γp→X
tot (ω) > σ
γΛ0→X
tot (ω) ≈ σ
γΣ0→X
tot (ω) > σ
γΞ0→X
tot (ω) > σ
γn→X
tot (ω) > σ
γΞ−→X
tot (ω) > σ
γΣ−→X
tot (ω)
(33)
for total cross-sections of hadron photoproduction on
ground state 1/2+ octet baryons is found.
Experimental tests of the derived sum rules, as well
as inequalities (33), could be practically carried out pro-
vided there exist data on total hadron photoproduction
cross-sections on hyperons as a function of energy which,
however, are missing up to present time. Nevertheless,
the idea of intensive photon beams generated by the elec-
tron beams of linear e+e− colliders by using the process
of the backward Compton scattering of laser light off
the high energy electrons [6] is encouraging and one ex-
pects that a measurements of the total hadron photopro-
duction cross-sections on hyperons could be practically
achievable in future.
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